-A new protocol for fast separation and quantification of JH III from biological samples using liquid chromatography coupled to electrospray tandem mass spectrometry is described.
Highlights
-A new protocol for fast separation and quantification of JH III from biological samples using liquid chromatography coupled to electrospray tandem mass spectrometry is described.
-the proposed protocol improves existing methodologies by combining a limited number of sample preparation steps with fast LC-MS/MS detection, providing a 8 pg/mL (0.32 pg on column) limit of detection (15-fold gain in sensitivit) with high inter and intraday reproducibility.
-A detailed description of the JH III fragmentation pathway is provided for the first time, based on isolation of the molecular ion and their intermediate fragments using in-source MS/MS, MS/MS n and FT-ICR MS/MS measurements.
-The performance of the LC-MS/MS protocol is comparable to previously described JH III quantitation protocol based on fluorescence detection, with the added advantage that quantification is independent of the availability of fluorescent tags that are often unavailable or show quite diverse responses on a batch-to-batch basis.
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Mass Spectrometry Analysis 86
The mass spectrometry analyses were carried out in-house using HPLC-MS/MS. Briefly, 87 sample injections (40 µL) and LC separations were performed by a Prominence LC-20AD Ultra-88
Fast Liquid Chromatograph (Shimadzu, Kyoto, Japan), equipped with a Dionex Acclaim 120 89 C18 Column (250x2.1 mm, 5 µm) obtained from Thermo Scientific (Sunnyvale, CA). Column 90 temperature was kept at 40°C. A 15 minutes binary gradient program between 0.1% formic acid 91 dissolved in water (mobile phase A) and 0.1% formic acid dissolved in acetonitrile (mobile 92 phase B) was run according to the following timetable: hold 5% B for 0.5 min; ramp to 98% B in 93 7.5 min; hold 98% B for 3 min; return to 5% B in 0.5 min; hold 5% B for 3.5 min. Flow rate was 94 constant at 0.8 mL/min. Detection was performed by a QTRAP® 5500 triple quadrupole mass 95 spectrometer (AB Sciex, Ontario, Canada) equipped with a Turbo V™ ion source. The mass 96 spectrometer was operated under ESI positive mode ionization with multiple reaction monitoring 97 (MRM) of two transitions per compound. MRM detection and electrospray source parameters 98 were optimized by infusing 1 mg/L solutions of each compound in 0.1% formic acid in 99 acetonitrile. Source parameters were: curtain gas = 10 psi; spray Voltage = 5000 V; temperature 100 400°C; ion source gas 1= 40 psi; ion source gas 2= 50 psi; entrance potential = 7.0 V. MRM 101 transitions parameters are listed in Table 1 . 102 JH III and JH III-D3 chemical structures and purities were confirmed by MS/MS and 103 accurate mass measurements using Fourier transform ion cyclotron resonance-MS (nanoESI-FT-104 ICR MS). In-source fragmentation and MS/MS n capabilities in the QTRAP® 5500 triple 105 quadrupole mass spectrometer (AB Sciex, Ontario, Canada) were used to determine the 106 fragmentation pathways of JH III and JH III-D3 (see Table 1 and 2). nanoESI FT-ICR MS/MS 107 experiments were performed in positive ion mode in a 7T Solarix FT-ICR MS spectrometer 108 (Bruker Daltonics, Inc., Billerica, MA). Ion transmission was optimized for high sensitivity for 2 Mword (1 s transient). FT-ICR signals were processed using a half-sine apodization followed 112 by Fast-Fourier transform and broadband phase correction (absorption spectra using absorption 113 mode processing, AMP), resulting in a 2-fold increase in mass resolution. 114
RESULTS AND DISCUSSION 115
The main aim of this study was to develop a protocol for fast and accurate measurement 116 of JH III from biological samples using mass spectrometry. In particular, our efforts were 117 focused on: 1) minimizing the number of steps during sample preparation prior to the MS 118 analysis, 2) developing a fast LC-MS/MS protocol, 3) improving sample storage protocols, 4) 119 evaluate inter and intraday analysis variation, 5) refining the interpretation of the JH III MS/MS 120 fragmentation pathway, 6) enhancing limits of detection while reducing matrix effects, and 7) 121 comparing the performance with a previously utilized JH III quantitation protocol based on 122 fluorescence detection [30] . Table 2 ). Inspection of the in-source and MS/MS n data 134 Table 2 The heavy isotopomer JH III-D3 was utilized as an internal standard to normalize all 160 sample preparation, extraction and analysis steps in order to accurately quantify the amount of 161 JH III hormone produced by the BR-CA-CC complexes. The JH III-D3 molecular ion was 162 observed in the protonated form [D+H] + , and the stoichiometry was confirmed utilizing nESI-163 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 + is proposed to occur via a similar initial rearrangement 188 of the C-2 double bond. The resultant allylic carbocation will also be resonance stabilized. It is 189 unclear whether the loss of CO occurs on the oxirane or the rearranged oxirane or both. 190
HPLC-MS/MS method validation 191
The HPLC-MS/MS workflow was developed using standards and biological samples, 192 with the extraction protocol described in Figure 1 transitions, allowing the use of these parameters for analyte confirmation purposes. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 Inter and intra-day reproducibility was evaluated by extracting and analyzing spiked M-217 199 media with 500 pg/mL of JH III. The protocol was halted at the drying step ( Figure 1) and 218 the extracted standards were stored dry for 0 (reference, n=32), 1, 4, 5 and 7 days (n=5 each). 219
There were no significant differences between the measurements in terms of peak areas or 220 recovery (Figure 6a ), which suggested that the analyte extracted from spiked media could be 221 stored dry for at least 7 days. Most intra-day variability occurred between one standard deviation 222 from the pooled mean of all measurements. A relative standard deviation (RSD) of 10% or lower 223 was obtained for each analysis day, while an RSD of 16% was obtained in the complete dataset. 224
Analysis of JH III from biological samples 225
In order to evaluate the applicability of this analysis protocol, JH III synthesized in vitro 226 by mosquito BR-CA-CC complexes under different developmental and physiological conditions 227 were analyzed. Samples were prepared following the protocol previously described (Figure 1) . 228 Calibration curves were obtained by plotting the peak area ratio of JH III to JH III-D3 as a 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 In each LC-QQQ analysis batch, duplicates of a negative control and two concentrations 239 of positive controls (50 pg/mL and 500 pg/mL) were extracted according to Figure 1 and 240 measured, with deviations of 15% or lower consistently observed. JH III compound 241 identifications were considered positive when a signal-to-noise ratio larger than 3 were present in 242 both the quantification and confirmation MRM transitions, with a difference of less than 0.05 243 min in retention time relative to that of the JH III-D3. The results of the analysis of over 1500 244 samples revealed that the confirmation ratios for internal standards and biological samples were 245 constantly within two standard deviations (Figure 5d) . 246
In order to investigate the effect of sample storage on analyte signal, 10 biological 247 samples were split after hexane extraction and the resulting extract aliquots were dried under 248 nitrogen. One of the dried aliquots was stored at 4°C and the second was reconstituted in 249 acetonitrile for immediate analysis. Five of the stored aliquots were reconstituted and analyzed 250 after 5 days, while the remaining samples were analyzed after 30 days of storage. There were no 251 significant differences in terms of recovery relative to the initial measured concentration (Figure  252 6b) as a function of storage time, suggesting that dried biological samples can be correctly 253 quantified after a month of dry storage. Previous work has shown that JH III is stable for up to 254 one month and up to six 6 months in methanol if stored at 4°C and -18°C, respectively [25] . 255 Similar stabilities were detected when JH III was stored in hexane and acetonitrile. However, the 256 possibility to store dry samples largely facilitates the handling and shipping for inter-laboratory 257 comparisons and complementary measurements. 258
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SUPPORTING INFORMATION 289
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